Although laboratory experiments allow greater control of environmental conditions than field studies, they have several drawbacks. To analyze physiological responses to forcing environmental variables, experimental conditions should mimic natural conditions as closely as possible. For filter-feeding organisms in particular, diet quality and quantity is one of the environmental parameters that can differ markedly between experimental and field conditions. In the hatchery, Pacific oysters, Crassostrea gigas, commonly show good physiological performance and growth on a mixed algal diet of Tisochrysis lutea, formerly Isochrysis aff. galbana clone Tahiti (T-Iso), and Chaetoceros calcitrans, presumably as it provides a good supply of essential polyunsaturated fatty acids (PUFA) as 20:4n-6, 20:5n-3 and 22:6n-3. The present study tests whether the fluctuating biotic and abiotic conditions in the field modify the structure and function of oyster mitochondria. One group of oysters was maintained in the intertidal zone, and the other group was fed the mixed diet in a nearby experimental hatchery under salinity and temperature conditions equivalent to those in the field. After 4 weeks of conditioning, the functional capacities and membrane lipid composition of gill mitochondria were measured. For essential polyunsaturated fatty acids, only the proportion of 20:5n-3 differed between field and laboratory oysters, and confirmed the capacity of the mixed diet T-Iso + C. gracilis, to provide the essential PUFA. Nevertheless, proportions of other FA (e.g., 22:5n-6 and non-methylene-interrupted FA) differed markedly between laboratory and field-conditioned oysters. Mitochondrial oxygen uptake, cytochrome c oxidase activity, content of cardiolipin and concentration of cytochrome b were significantly lower in laboratory-conditioned than in field-conditioned oysters. These results indicate that laboratory conditioning, although allowing similar growth and gonad maturation, only partially mimics conditions that allow C. gigas to maintain mitochondrial function. Although our experimental design cannot ascertain what difference between experimental laboratory and field conditions led to changes in membrane composition and mitochondrial function, differences in nutritional quality (other than known essential PUFA) and abiotic factors (e.g., oxygen availability, emersion or daily temperature fluctuations) had a major impact on mitochondrial properties in oysters.
Introduction 56 57
Although laboratory experiments permit much more control over environmental conditions 58 than field studies, they have drawbacks, including the adequacy and realism of laboratory 59
conditions. Experiments in artificial settings attempt to simplify natural complexity by 60 limiting variation to a small number of factors. However, the constant environmental 61 conditions used in laboratory experiments may be inappropriate for animals that have adapted 62
to fluctuating conditions and may impair physiological and cellular processes (Guerra et al. with a water flow of 120 L.h -1 . In parallel, the other 50 oysters were kept in the mesh bag in 136 the intertidal zone. The experimental tank was supplied with seawater pumped at mid-depth in 137 a tidal dock and partly filtered (10 µm) through a bag filter. Thus, salinity and temperature in 138 the experimental tank were similar to field conditions (from 12°C on May 20 th , to 16°C on 139
June 22 nd ). The tank was drained and cleaned three times a week. 140
Samples were taken at the start of the experiment (T0, 20 th of May 2010) and after 4 weeks of 141 conditioning (Tf, 22 nd of June 2010). Total weight was measured on whole animals (flesh + 142 shells) before dissection and mitochondrial preparation. Laboratory oysters were fed ad 143 libitum with a mix of two microalgae: Tisochrysis lutea formerly Isochrysis aff. galbana 144 clone Tahiti (T-Iso) and Chaetoceros gracilis, supplied in equal cell volumes. Cultures were 145 produced in 300 L cylinders containing 1 µm filtered seawater enriched with Conway 146 medium at 24±1°C, air-CO 2 (3%) and mix aerated, under continuous light. Microalgae were 147 harvested at exponential growth phase (6-8 days). 148
149

Reproductive activity 150
Qualitative analysis of gametogenic stage 151
A visceral mass slice (2-3 mm thick) was cut upstream of the adductor muscle, put in a 152 histology cassette and transferred into a modified Davidson's fixative (Latendresse et 
Measurement of oxygen consumption 179
Mitochondrial oxygen consumption was measured polarographically using a water-jacketed 180 O 2 monitoring system (Qubit System, Kingston, Ontario, Canada). Temperature was 181 controlled at 10°C by a circulating refrigerated water bath. For each assay, around 0.8 mg of 182 mitochondrial protein (40 µl mitochondrial preparation) was added to 0.4 ml reaction buffer 183 containing 400 mM sucrose, 30 mM HEPES, 90 mM KCl, 10 mM KH 2 PO 4 , 50 mM taurine 184 and 50 mM β-alanine, pH 7.5. On the day of the experiment, 0.5% BSA was added to the The polar lipid fraction was evaporated to dryness under nitrogen and transesterified for 10 238 min at 100°C after adding 1 ml of methanol/BF 3 (10%). After cooling, 1 ml of ultra-pure 239 water and 1 ml of hexane were added. Tubes were mixed thoroughly for 2 min and 240 centrifuged at 1,000 g for 10 min. The organic phase containing fatty acid methyl esters 241 (FAME) was washed three times with 1 mL of water. Fatty acid methyl esters were quantified 242 by gas chromatography and identified by comparing their retention times with those of a 243 standard mixture containing 37 FAME (SUPELCO/Sigma-Aldrich, St-Quentin Fallavier, 244 
Mitochondrial oxidative capacities 287
Oxidative capacities of mitochondria isolated from oyster gills were assessed using glutamate 288 or succinate as substrate. Overall, the capacities of mitochondria isolated from field oysters at 289
Tf were similar to those of oysters at T0; both were systematically higher than those of 290 laboratory conditioned oysters at Tf (Fig. 2) . Maximal state 3 rates of glutamate and 291 succinate oxidation were significantly lower in laboratory oysters than in field oysters for 292 both substrates (around 40% lower) ( Figure 2A ). The same pattern was observed with the 293 non-phosphorylating rate (state 4) ( Figure 2B ). State 4 was significantly higher with succinate 294 than with glutamate ( Figure 2B , P<0.05). 295
As a consequence of these modifications of state 3 and state 4 rates, RCR with glutamate was 296 lower in laboratory than in field oysters at the end of the experiment (-25%) ( laboratory conditioned oysters (-33%), than in field oysters sampled at T0 and Tf (Table 4) . 307
As cyt a is located in complex IV (CCO) of the respiratory chain, activity of CCO was also 308 expressed per nmole of cytochrome a to reflect its catalytic activity. In that case, CCO 309 activity did not differ between groups. 310 CS activity, measured on isolated gill tissue and expressed in U mg -1 gill tissue, did not differ 311 between the three groups of oysters. 312
313
Mitochondrial cytochrome concentrations 314
Cytochrome b concentration did not differ between field oysters at T0 and Tf; both groups 315 had significantly higher values than laboratory conditioned oysters (-24%) (Table 5) . 316
Cytochrome a, c 1 and c concentrations did not differ between the 3 groups. There was no 317 difference between oyster groups when cytochrome quantities were expressed relative to 318 cytochrome c 1 . Similarly, there was no difference in the ratio (b + c 1 )/a between the three 319 groups of oysters. 320 321
Fatty acid composition of phospholipids from gill mitochondria 322
Four weeks under field and laboratory conditions significantly changed the FA composition 323 of membrane phospholipids of oyster gill mitochondria compared to their initial status (T0) 324 (Table 1) . More importantly, FA composition differed between rearing conditions at Tf. 325
The proportions of 20:5n-3 decreased throughout the experiment but was higher in 326 mitochondria of field-conditioned oysters than in laboratory-conditioned oysters at Tf. The 327 proportions of 22:6n-3 and 20:4n-6 were also higher at T0, but did not differ between the two 328 groups of oysters at Tf. The proportion of 22:5n-6 was 0.4% at the start of the experiment and 329 did not change in oysters after 4 weeks in the field. However, it rose by more than 5 fold 330 (2.1%) in oysters after laboratory conditioning. 331
After 4 weeks conditioning, total NMI (non-methylene interrupted) FA were more abundant 332 in laboratory-conditioned oysters than in field oysters. This difference mainly reflected higher 333 levels of 22:2NMI(7,15) in laboratory-conditioned oysters. 334
The proportion of 18:1n-7 (NMI FA precursor) reached 5.6% in oysters after 4 weeks in the 335 laboratory while this FA was lower (3.4%) in oysters from the field at the same time. There 336 was no difference in the proportion of the monounsaturated FA (MUFA) 16:1n-7 between the 337 three groups of oysters. The level of 18:1n-9, 20:1n-9 and 20:1n-7 reached similar levels 338 between laboratory and field oysters after 4 weeks conditioning. 339
The proportion of total saturated FA (SFA), monounsaturated FA (MUFA) and 340 polyunsaturated FA (PUFA) changed markedly throughout the experiment. SFA were higher 341 in mitochondria of oysters from the field than from the laboratory at Tf. At Tf, MUFA were 342 higher in mitochondria of laboratory oysters as compared to field oysters. On the other hand, 343
total PUFA did not differ between the two groups sampled at Tf. Within PUFA, mitochondria 344 of oysters from the laboratory showed the highest proportion of n-6 PUFA but the lowest 345 proportion of n-3 PUFA at the end of the experiment. Table   Table 2 : Content of total phospholipids and proportion of phospholipid classes in gill mitochondria of oysters grown in their natural environment or in the laboratory, and sampled before (Field T0) and after 4 weeks of conditioning (Tf -Field, Tf -Laboratory 
